Dual Band Gap Coupled Antenna Design with DGS for Wireless Communications by Kandwal, A. et al.
ADVANCED ELECTROMAGNETICS, Vol. 2, No. 3, December 2013 
Dual Band Gap Coupled Antenna Design with DGS for Wireless 
Communications 
Abhishek Kandwal*, Rakesh Sharma and Sunil Kumar Khah 
Electromagnetic Analysis Lab, Department of Physics, Jaypee University of Information Technology,  
Waknaghat, Distt. Solan-173215, H.P (India) 
*corresponding author, E-mail: kandwal_abhishek@rediffmail.com 
 
Abstract 
A novel gap coupled dual band multiple ring antenna 
with a defected ground structure (DGS) has been 
successfully implemented. A different technique is 
used in this communication where both gap coupling 
and defected ground are applied to obtain better 
results for wireless applications. The designed 
antenna operates in two different frequency bands. 
The antenna shows a wideband in C-band and also 
resonates in the X-band. The main parameters like 
return loss, impedance bandwidth, radiation pattern 
and gain are presented and discussed. The gain is 
increased and the side lobe level is considerably 
reduced to a good extent. Designed antenna is tested 
and the results show that the simulation and 
experimental results are in good agreement with each 
other. 
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1. Introduction 
Microstrip or printed antennas are being considered 
and used in a variety of communication systems due 
their many attractive features, including low profile 
and ease of integration with microwave and photonic 
devices. However, despite these advantages over 
conventionally designed antennas there are several 
shorting comings of the printed antenna such as its 
relatively small bandwidth, excitation of surface 
waves, poor polarization purity, spurious feed 
radiation, low power, tolerance problems which 
limits their more widespread applications, etc [1]. 
Bandwidth of microstrip antenna has been increased 
by various methods such as, using thick low 
dielectric constant substrate, planar gap-coupled 
multiple resonators, stacking the patches over each 
other, etc . However, using a thicker substrate causes 
generation of spurious radiation and there are some 
practical problems in decreasing the dielectric 
constant. The spurious radiation degrades the antenna 
parameters [2-3]. Now days defected ground 
microstrip patch antennas have been rapidly 
developed for multi-band and broadband in wideband 
communication systems [4-6]. The use of microstrip 
defected ground geometry antennas in 
electromagnetic radiations has been a recent topic of 
interest in the world. A defected ground antenna can 
be designed to receive and transmit over a wide range 
of frequencies. In this defected ground structure or 
DGS technique, the ground plane metal of a 
microstrip (or strip-line, or coplanar waveguide) 
circuit is intentionally modified to enhance 
performance [7-10]. 
Microstrip patch defected ground antennas have been 
rapidly developed for multi-band and broad band in 
high data rate systems known as wideband 
communication systems. The use of microstrip 
defected geometry antennas in electromagnetic 
radiations has been a recent topic of interest in the 
world [11-14]. 
In this communication, a simple structure of printed 
gap coupled multiple ring defected ground antenna 
working in two different frequency bands has been 
investigated both by using a simulation software and 
experimentally. A significant matched bandwidth is 
obtained. Simulation and experimental results show 
that this type of antenna can achieve better 
performance and wide matched impedance 
bandwidth. 
 
2. Theory 
The gap coupled multiple ring defected ground 
microstrip patch antenna has been credited for its 
inherently wide impedance bandwidth. Impedance 
bandwidth can be efficiently increased to a good 
extent by using gap coupling method [15]. Defected 
ground structures (DGS) have been developed to 
improve characteristics of many microwave devices. 
Because of its properties, these structures have found 
many applications in microwave circuits such as 
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filters, power amplifiers, dividers, microwave 
oscillator and harmonic control in microstrip 
antennas [16-18]. Defected ground structures, either 
in a single configuration or periodic form that is 
frequently referred to as a photonic band gap show 
slow-wave effects leading to considerable size 
realization. Recently a defected ground structure 
(DGS) have been introduced, DGS is realized by 
etching off a simple shape defected from the ground 
plane, depending on the shape and dimensions of the 
defect, the shielded current distribution in the ground 
plane is disturbed resulting a controlled excitation 
and propagation of the electromagnetic waves 
through the substrate layer. The dimension of the 
DGS is optimized for the band gap at the resonant 
frequency of the antenna by trial and error approach 
[19-21]. Dual frequency operation of antennas has 
become a necessity for many applications in wireless 
communication systems such as GPS, GSM services 
operating at two different frequency bands and 
services of PCS and IMT-2000 applications. 
Although there are various techniques to achieve 
dual-band operation from various types of microstrip 
antennas, there is no efficient design tool that has 
been incorporated with a suitable optimization 
algorithm [22-24]. 
In the present communication, dual band 
characteristics of the gap coupled antenna design 
without defected ground and with defected ground 
plane are presented. The measurements such as return 
loss, input impedance, and bandwidth are measured 
and calculated. The radiation characteristics such as 
antenna gain, back radiation and side lobe level are 
presented and discussed. The peak antenna gain for 
the central resonant frequency is increased and the 
corresponding back radiation and the side lobe level 
are reduced.  
 
3. Antenna design and parameters 
 
The proposed structure of printed gap coupled 
multiple ring antenna is shown in figure (1). Antenna 
design printed on a substrate has thickness or height 
‘h’. The relative permittivity of the substrate used is 
‘εr’. The substrate plane is a square in shape and 
dimensioned as Ls x Ls. The dimensions of the 
ground plane that is the metal strip of the designed 
antenna is represented as Lg x Lg.  The geometry of 
the structure consists of two rings with inner and 
outer radii. The inner and outer radii of the first ring 
are ‘a’ and ‘b’. The inner and outer radii of the 
second ring are ‘c’ and ‘d’. The microstrip ring 
antenna has inner and outer ring with the condition a 
< b < c < d.  The inner and outer radii of the first ring 
are a=5mm and b=15mm. The inner and outer radii 
of the second ring are c=30mm and d=60mm. The 
antenna is fed coaxially at the first ring at a distance 
of 9 mm from the center to achieve 50Ω 
characteristic impedance. The antenna has 
dimensions of 124 mm x 124 mm. The ground plane 
is only under part of the feed and the rest of the 
ground plane is completely removed. The width of 
the ground plane is 30 mm and has dimensions 30 
mm x 124 mm. The prototype of the antenna 
designed is shown in the figure (2). The proposed 
defected ground multiple ring antenna design is 
printed over a glass epoxy resin substrate with 
permittivity of ε=4.4 and height h=1.59mm. The 
geometry of the structure with ground plane covering 
whole of the substrate that is when ground plane is 
not defected, is same as that of the structure with 
defected ground plane. All the other parameters used 
for the antenna study remain unchanged.  
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Figure 1. Geometry of Multiple ring gap coupled 
DGS microstrip antenna design                       
(a) top view (b) bottom view (c) side view. 
 
 
In this study, the software CST studio suite is used to 
simulate the parameters such as return loss, 
impedance bandwidth and gain. Simulation software 
CST studio suite is based on the finite integration 
technique method has been widely accepted in the 
computation of electromagnetic field because of its 
good calculating precision. R&S ZVL Network 
Analyzer is used to measure parameters such as S11 
that is return loss and the impedance bandwidth. 
Figure (1) shows the top and bottom views of the 
antenna under study respectively. The experimental 
antenna design is also shown in figure (2). 
 
 
(a) 
 
 
 
 
(b) 
 
 
(c) 
 
Figure 2. Multiple ring gap coupled DGS microstrip 
antenna design for experiment(a) top view (b) bottom 
view (with defect) (c) bottom view (without defect). 
 
4. Results and discussion 
 
The results for both the cases, that is antenna 
structure without defected ground plane and structure 
with defected ground plane, are measured and 
discussed. The radiation pattern, antenna gain, side 
lobe level, back radiation are thus presented for both 
antenna structures. 
  
4.1. Return loss and Impedance measurements 
When the ground plane is not defected, that is when it 
covers whole of the substrate; the antenna resonates 
only in C-band at frequency 6.2 GHz showing an 
impedance bandwidth of approximately 4 %. The 
simulated and measured values of return loss are 
shown in figure (3). The input impedance for both 
simulated and measured is shown in figure (4). But 
when the defect in the ground plane is introduced 
then the antenna resonates in two frequencies. The 
simulated and measured values of return loss are 
shown in figure (5). Both experimental and simulated 
results are in good agreement with an error of less 
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than 2 %. From figure (5), the simulation results 
show that the designed antenna resonates at two 
different frequency bands. The simulation results 
have good impedance matching of -29.4 dB and -15.8 
dB at frequencies 4.75 GHz and 10.2 GHz 
respectively. Also, the experimental results have 
good impedance matching -27.4 dB and -17.8 dB at 
frequencies 4.85 GHz and 10.4 GHz respectively. 
From the graphs; the percentage bandwidth obtained 
for simulated and experimental results in the 
frequency range between 4GHz to 6 GHz is 12.5 % 
and 12.3 % respectively.  
The figures show that, this antenna is wideband and 
also applied in two different bands that is C-band and 
X-band since in these frequencies the S11 < −10 dB. 
A good return loss of – 32 dB is obtained as shown in 
the graph. Therefore the results verify that by 
introducing defect in the ground plane, a considerable 
increase in the impedance bandwidth is obtained. The 
increase in the bandwidth of the antenna is about 8% 
to 9 %. Also the antenna resonates in two frequency 
bands and thus showing the dual band characteristics.   
The input impedance for both the cases is reported in 
figure (6). From the graph, it is observed that a good 
impedance matching is obtained. From the results, it 
is evident that experimental and simulated values are 
in good agreement with each other. The resonant 
frequency in both the cases also shows a good 
agreement. The simulation and experimental results 
show that the proposed antenna can be used as a dual 
band antenna.  
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Figure 3. Simulation and Experimental variation of 
Return loss with frequency (without defect). 
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Figure 4. Simulation and Experimental variation of 
Impedance with frequency (without defect). 
 
 
Figure 5. Simulation and Experimental variation of 
Return loss with frequency (with defect). 
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 Figure 6. Simulation and Experimental variation of 
Impedance with frequency (with defect). 
4.2 Far field analysis 
The radiation patterns for both cases of the antenna 
are also measured within the frequency range are 
shown in figure (7) and figure (8). The polar plot of 
the radiation pattern is shown for Phi = 0 and Phi = 
90 and between Theta/degree vs. dBi for both the 
cases.  
Figure (7) shows the radiation pattern for the antenna 
without defect. In fig. 7 (a), for Phi = 0 deg., at 
resonant frequency 6 GHz and 3 dB angular width in 
the direction 27.0 deg., the side lobe level is -2.3 dB. 
In fig. 7 (b), for Phi = 0 deg., at resonant frequency 8 
GHz and 3 dB angular width in the direction 27.0 
deg., the side lobe level is -2.1 dB. In fig. 7 (c), for 
Phi = 90 deg., at frequency 8 GHz, the antenna gain 
is 2.8 dBi in the main lobe direction 33.0 deg. For 3 
dB angular width in the direction 85.7 deg., the side 
lobe level is about -3.1 dB. In fig. 7 (d), for 3 dB 
angular width, the side lobe level is -2.8 dB.  
Figure (8) shows the radiation pattern for the antenna 
with defected ground plane. In fig. 8 (a), for Phi = 0 
deg., at center frequency 8 GHz, the antenna gain is 
8.7 dBi in the main lobe direction 34.0 deg. In fig. 8 
(b) and 8(c), for Phi = 90 deg., at resonant frequency 
8 GHz, the antenna gain is 6.1 dBi in the main lobe 
direction 149 deg. Within 3 dB angular width in the 
direction 28 deg., the side lobe level is about -10.8 
dB. 
 At resonant frequency 5 GHz, in fig. 8 (d), for Phi = 
90 deg., the directivity Abs plot shows the antenna 
gain of 5.6 dBi in the main lobe direction 135.0 deg. 
Within 3 dB angular width in the direction 48.4 deg., 
the side lobe level is -9.2 dB. For directivity theta 
plot, in fig. 8 (e), the antenna gain is 5.5 dBi in the 
main lobe direction 136 deg. Within 3 dB angular 
width in the direction 46.5 deg., the side lobe level is 
-12.1 dB. 
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(d) 
Figure 7.  Radiation pattern (without defect) 
(a) Directivity Abs (Phi = 0) Theta/Degree vs. dBi (6 
GHz) 
(b) Directivity Abs (Phi = 0) Theta/Degree vs. dBi (8 
GHz) 
(c) Directivity Abs (Phi = 90) Theta/Degree vs. dBi 
(8 GHz) 
(d) Directivity Theta (Phi = 90) Theta/Degree vs. dBi 
(8 GHz) 
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Figure 8.  Radiation pattern (with defect) 
(a) Directivity Abs (Phi = 0) Theta/Degree vs. dBi (8 
GHz) 
(b) Directivity Abs (Phi = 90) Theta/Degree vs. dBi 
(8 GHz) 
(c) Directivity Theta (Phi = 90) Theta/Degree vs. dBi 
(8 GHz) 
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(d) Directivity Abs (Phi = 90) Theta/Degree vs. dBi 
(5 GHz) 
(e) Directivity Theta (Phi = 90) Theta/Degree vs. dBi 
(5 GHz) 
 
From the comparison of the results, it is shown that 
when the antenna ground is not defected the antenna 
gain is less and the side lobe level is also -3.1 dB. But 
when the defect in the ground plane is introduced, the 
gain of the antenna increases and almost doubles the 
value and thus the side lobe level also decreases to -
10.8 dB for central resonant frequency 8 GHz. Also 
for resonant frequency 5 GHz, the antenna gain is 
increased and the corresponding side lobe level also 
decreases to a good extent of up to -12.1 dB. 
Therefore a significant reduction in the back radiation 
and thus the side lobe level is obtained with an 
increased gain. 
This defected ground technique with gap coupling 
enhances the impedance bandwidth and the antenna 
gain thereby reducing the overall size of the antenna 
structure and is a convenient way to realize wideband 
microstrip antenna. By introducing defect in the 
antenna design structure, the impedance bandwidth 
increases up to approximately 3-4 times. Also the 
antenna gain enhances to almost double the value of 
the conventional antenna structure. The side lobe 
level which is an important parameter and must be as 
low as possible is also reduced to a good extent for 
better antenna transmission and radiation. 
 
5. Conclusion 
 
A novel coaxially fed dual band gap coupled multiple 
ring microstrip antenna with a defected ground has 
been presented. Dual frequency operation of the 
presented antenna makes it applicable in 
communication systems such as GPS and GSM and 
services of PCS and IMT-2000 as well. The antenna 
is simple to design and easy to fabricate. A 
significant increase in the peak antenna gain for their 
central resonant frequency is achieved. Experiments 
were carried out to verify the results predicted in the 
simulation. Good agreement between the measured 
and simulated data has been confirmed. In addition, 
the bandwidth, the antenna gain, and the side lobe 
level of the radiation pattern are all improved when 
the defected ground plane is introduced. The same 
technique presented in this communication can be 
applied to various different antenna designs for better 
results. This antenna design can be used as a 
multiband antenna in the high frequency applications 
and wireless communications.  
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